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Aim. To study a possibility of usage of the alkaline gel electrophoresis method (Comet assay) for
determination of genotoxic properties of veterinary vaccines preparations. Methods. The alkaline
gel-electrophoresis of isolated eukaryotic cells has been used with further visualization of the samples by
fluorescent microscopy. Results. Veterinary vaccines testing by the Comet assay method under  alkaline
conditions revealed that the samples No.1 and No 12 from twelve investigated vaccine preparations had
genotoxic influence on eukaryotic cells of ÑÍÎ-Ê1 and Vero test cultures, No. 12 sample being genotoxic
only at metabolic activation. Conclusions. The method of alkaline gel ålectrophoresis of single cells (Comet 
assay) is suitable for determination of veterinary vaccines genotoxic influence on the test eukaryotic cells
CHO-K1. The method proposed in this paper is express, inexpensive and predictive. The accomplished 
experimental work allows us to recommend this method for characterization of biosafety of veterinary
vaccines preparations.  

Keywords: genotoxicity, veterinary vaccines, cells culture, method of alkaline single cells gel
electrophoresis, biosafety.

Introduction. Veterinary vaccines are the remedies
that prevent development of many hazardous and
severe animal diseases such as leptospirosis, rabies,
plague etc. Practical veterinary medicine possesses a
wide set of commercial preparations of veterinary
vaccines manufactured by various firms. Taking into
consideration the necessity of maintenance of
pure-bred animal genomes and production of
biologically safe animal raw material, it is imperative

to elaborate an express method for assessment of
genotoxicity of such preparations.

Among well-known methods of genotoxicity
evaluation the assay of alkaline gel-electrophoresis of
isolated cells (DNA Comet assay) is accepted as the
most suitable one [1-8] due to its high sensitivity at the
level of individual cells, high predictability and
possibility to evaluate the level of pathogenetical
primary lesions of DNA without considering
mutations.
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The level of DNA lesions of tested eukaryotic cells
serves as an indicator for this method. The method is
based on registration  of the mobility] of cell culture
DNA and its possible fragments, treated with the tested
substance and then immobilized in agarose gel, and
subjected to lysis. Moving in a constant electric field to
the anode, DNA forms an electrophoretic track that
looks like a “comet tail” with the parameters depending 
on the level of DNA lesions. DNA Comet assay in the
alkaline modification allows to register the single
strand breaks (SSB) and alkaline-labile sites. This
significantly increases informativeness of the method. 

 Our work is aimed to study the possibilities of
alkaline gel-electrophoresis method (DNA Comet
assay) for determination of genotoxic properties of
veterinary vaccines.

Material and methods. Tris-HCl, 0.5 and 1%
agarose solutions were obtained from Serva
(Germany), acridine orange, N-nitrosomethylurea,
tripan blue were purchased from Sigma (USA). All
other chemicals were of analytical grade and produced
in Ukraine.

Experiments were performed in two parallels.
Vaccine preparations of various producers,

well-known in veterinary practice, were also used.
Below there is a list of studied veterinary vaccines:

No 1 – against leptospirosis;
No 2 – against avian rinovirus;
No 3 – against plague of carnivorous, adenovirus

infections, parvovirus and coronavirus canine enteritis;
No 4 – against canine leptospirosis and rabies;
No 5 – live lyophilized vaccine against avian

infectious bronchitis; 
No 6 – inactivated vaccine against animal rabies;
No 7 – inactivated vaccine against canine rabies

and leptospirosis;
No 8 – live lyophilized vaccine against feline

panleucopenia, herpes and caliciviral infections;
No 9 – against plague of carnivorous, canine

adenovirosis, parvovirosis, paragrip and leptosirosis;
No 10 – live vaccine against feline herpes virus and

calicivirus infections;
No 11 – live lyophilized vaccine against chicken

pneumovirus infection;
No 12 – inactivated vaccine against feline

microspore infection.

Cell cultures, namely CHO-K1 – cell culture of
Chinese hamster ovary, Vero – cell culture of African
green monkey kidney, obtained from the collection of
State Scientific and Control Institute of Biotechnology
and Microorganism Strains (Ukraine), were used as the
tested cells. 

Cells of both CHO-K1 and Vero lines were
cultivated in F10 medium (“Sigma”, USA) that
contains 5% of fetal calf serum (“Gibko”, USA) in the
atmosphere of 5% CO2 at 37 o C up to titre of 5 x 105

cells per ml.
Quantity of live cells was evaluated by means of

staining with 0.3% tripan blue solution and further
examinations were carried out at the amount of live
cells no less than 90%. 

It is im por tant to es ti mate genotoxic ef fects of
tested vac cines in im mu ni za tion doses for as sess ment
of their biosafety. There fore, the con tent of prep a ra tion
in the   sam ples was de ter mined as a dose rec om mended 
by pro duc ers per 1 kg of an i mal   weight . This pro vides 
the same con tent of the prep a ra tion in 1 litre of in cu ba -
tion me dium con tain ing  the cells of tested culture.

Complex preparations of veterinary vaccines in
tradable forms, containing one dose per each packing
unit, were studied.

CHO-K1 and Vero cells were used as the positive
control after treating with 0.1 mM N-
nitrosomethylurea during 48 h.

 Intact (untreated) cells of CHO-K1 and Vero
cultures grown at 37 oC during 24 h up to titre of 5 x 105

cells per ml were used as a negative control. The cells
of negative control, suspended in nutritive medium in
the volume equivalent to that for a positive control,
were added to agarose gel for immobilization.

Quantity of live cells in the positive and negative
controls was determined by staining with 0.3% tripan
blue.

Cell suspension in incubating medium was mixed
with the sample of certain preparation in concentration, 
providing immune response, and then incubated during 
24 h at 37 oC to reveal the genotoxic action of
veterinary vaccine preparations.

Microsomal fraction S9 of rat liver in concentration 
of 5% in the incubation mixture was used in the
experiments related with metabolic activation.
Incubation period was 3-24 h at 37 oC. 
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Genotoxic prop er ties of vet er i nary vac cines were
an a lyzed us ing the fol low ing scheme: gel-slide prep a ra -
tion, micropreparation form ing, lysis, al ka line de na tur -
ation, elec tro pho re sis, neu tral iza tion/fix a tion, prep a ra -
tion stain ing by acridine or ange, mi cro scopic anal y sis.

Microscopy study of micropreparation was
performed using fluorescent microscope (“LUMAM
P8”, Russian Federation). No less than 100
“DNA-comets” were analysed for each
micropreparation.

Computer processing of digital images was made
by means of program “CASP”-Comet Assay Software
Project http://www.casp.of.p1 (freeware). Such
parameters of “comets” as “tail length”, “DNA% in the
tail”, “tail moment” etc. were determined.

Statistical analysis of results was performed for
each experimental point. Indicators of DNA damage in
experimental and control groups were estimated using
Dannet criterion. Statistically significant   effect serves
as a measure of positive result.

Results and discussion.  We have obtained the
characteristics of DNA-degrading activity of both
veterinary vaccines and control samples using
DNA-Comet assay for determination of their genotoxic 
properties   in   the cultures of eukaryotic cells CHO-K1 
and Vero (see table). 

Using alkaline gel-electrophoresis of isolated cells
(DNA comets) the electrophoretic tracks of “comet”
type were obtained in the samples of positive control
(cell cultures CHO-K1 and Vero, treated with
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  Treatment of
eukaryotic cells 

with  the
veterinary vaccine 

preparation No

Tested cell culture
Quantity of

survived cells , %

Value of
DNA-degrading

activity (“DNA% in 
the tail”)*

Value of DNA-degrading
activity (“DNA% in the

tail”) obtained with usage
of system of metabolic

activation S9 *

– Negative control CHO-K1 96 0,5 0,5

– Positive control CHO-K1 93 29,8 42

– Negative control Vero 90 2,8 2,9

– Positive control Vero 87 58,2 72

1 Vero 88 76,7 79

2 Vero 80 2,2 2,3

3 ÑÍÎ-Ê1 97 2,3 2,4

3 Vero 90 1,1 1,0

4 ÑÍÎ-Ê1 98 1,3 1,4

4 Vero 91 2,3 2,6

5 ÑÍÎ-Ê1 90 1,1 1,1

6 ÑÍÎ-Ê1 90 1,2 1,2

7 ÑÍÎ-Ê1 91 1,1 1,2

8 ÑÍÎ-Ê1 92 1,1 1,3

9 ÑÍÎ-Ê1 89 2.9 3,1

10 ÑÍÎ-Ê1 96 0,5 0,7

11 ÑÍÎ-Ê1 95 0,8 0,9

12 ÑÍÎ-Ê1 92 3,6 14,3

* - results are significant at p < 0.05.

DNA-degrading activity in  the samples of veterinary vaccines



N-nitrosomethylurea) (Fig. 1). Such tracks were absent 
in the samples of negative control (cell cultures
CHO-K1 and Vero, which were not treated with
genotoxicants) (Fig. 2). 

According to the data presented in the table the
value of DNA lesion, “ DNA % in the tail”, was 29.8%
for the CHO-K1 cell line positive control, and 0.5% for
negative one. The same electrophoretic profile was
shown for the control samples of cell culture Vero;
value of “DNA% in the tail” was equal to 58.2% for the
positive control and 2.8% for the negative one.

Study ing genotoxic prop er ties of vet er i nary vac -
cines by the DNA-Comet as say we have no ticed that
two sam ples re veal genotoxic ac tion. Thus, DNA com -
ets were shown on the elec tro pho retic im ages of DNA
of cell cul ture Vero, treated with sam ple No 1 (vac cine
against leptospirosis). Hereby, the value of “DNA % in
the tail” was 76.7% i.e. much higher than that for the
pos i tive con trol (Fig. 3, table).

Sam ple No 12 (in ac ti vated vac cine against fe line
micro spores) did not dis play genotoxic ca pac ity to ward
cell cul ture CHO-K1 un der the stan dard con di tion of
test ing (the value of “DNA% in the tail” was 3.6%, i.e.
ap prox i mately the same as in the neg a tive con trol).

It was known [6] that the me tab o lites, formed in
live or gan ism as the prod ucts of biotransformation of
po ten tial genotoxicants, are able to re veal the
genotoxicity them selves. There fore, it seems rea son -
able to test vet er i nary vac cines in the sys tem of met a -
bolic ac ti va tion us ing the microsomal frac tion S9 from
rat liver.

Hence, elec tro pho retic im ages of DNA of cell cul -
ture CHO-K1 treated with sam ple No 12 (in ac ti vated
vac cine against fe line micro spores) dem on strated elec -
tro pho retic tracks of “comet” type un der the con di tions
of met a bolic ac ti va tion. The value of “DNA% in the
tail” was 14.3% that was much higher in com par i son
with both the neg a tive con trol (0.5%) and the test ing at
stan dard con di tions (3.6%). How ever, the value of this
char ac ter is tic ap peared to be lower than that in the pos i -
tive con trol (29.8%). The ob tained data in di cated the
pres ence of po ten tial genotoxicants in the sam ple No
12 be cause the con di tions of met a bolic ac ti va tion with
S9 frac tion sim u lated the met a bolic pro cesses that
could occur in the organism and involve possible
promutagens. 

Other samples (No. from 2 to 11) did not reveal  any 
genotoxic action on the cells of both types (CHO-K1
and Vero) either under the standard testing or under the
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Fig.1. Electrophoretic images of DNA-comet tracks of positive
control - CHO-K1 cells, treated with N-nitrosomethylurea.

Fig.2. Electrophoretic images of DNA of negative control cells -
CHO-K1 cells, not treated with genotoxicants.

Fig. 3. Electrophoretic images of DNA of Vero culture cells, treated
with sample No 1 (veterinary vaccine against leptospirosis).



204

DYBKOVA S. M. ET AL.

condition of metabolic activation. The value
of“DNA% in the tail” did not exceed that for the
negative control for all the preparations of veterinary
vaccines mentioned above (see table).

Con clu sions. The method of al ka line gel-elec tro -
pho re sis of iso lated cells (DNA-Comet as say) is suit -
able for  the eval u a tion of genotoxic ef fects of vet er i -
nary vac cines on tested eukaryotic cells CHO-K1.

There are some advantages of this method such as
quickness, low cost and high predictability of the
results obtained.

The complex of experimental study performed
allows us to recommend the assay for determination of
biosafety of  the veterinary vaccines preparations. 

Ñ. Ì. Äèá êî âà, Ì. ª. Ðî ìàíü êî, Ò. Ã. Ãðóç³íà, Ë. Ñ. Ðºçí³÷åí êî, 
Ç. Ð. Óëüáåðã, Â. Î. Óøêà ëîâ, À. Ì. Ãî ëîâ êî

Çàñ òî ñó âàí íÿ  ìå òî äó ÄÍÊ-êî ìåò äëÿ âèç íà ÷åí íÿ ãå íî òîê ñè÷ -

íîñò³  ïðå ïà ðàò³â âå òå ðè íàð íèõ âàê öèí

Ðå çþ ìå

Ìåòà. Âèâ ÷è òè  ìîæ ëèâ³ñòü çà ñòî ñó âàí íÿ ìå òî äó ëóæ íî ãî
ãåëü-åëåê òðî ôî ðå çó (ìå òî äó ÄÍÊ-êî ìåò) äëÿ âèç íà ÷åí íÿ ãå íî -
òîê ñè÷ íèõ âëàñ òè âîñ òåé âå òå ðè íàð íèõ âàê öèí. Ìå òî äè. Âè -
êî ðèñ òà íî ìå òîä ëóæ íî ãî ãåëü-åëåê òðî ôî ðå çó ³çîëü î âà íèõ
åó êàð³îò íèõ êë³òèí ç íà ñòóï íîþ â³çóàë³çàö³ºþ äîñë³äæó âà íèõ
ïðå ïà ðàò³â çà äî ïî ìî ãîþ ôëó î ðåñ öåí òíî¿ ì³êðîñ êîï³¿. Ðå çóëü -
òà òè. Òåñ òó âàí íÿì âå òå ðè íàð íèõ âàê öèí ìå òî äîì ÄÍÊ-êî -
ìåò çà ëóæ íèõ óìîâ âè ÿâ ëå íî, ùî äâîì çðàç êàì âàê öèí ³ç 12
äîñë³äæå íèõ (¹ 1 òà ¹ 12) ïðè òà ìàí íà ãå íî òîê ñè÷ íà ä³ÿ ñòî -
ñîâ íî òåñ òî âèõ åó êàð³îò íèõ êë³òèí êóëü òóð ÑÍÎ-Ê1 ³ Vero.
Ïðè öüî ìó çðà çîê ¹ 12 äå ìî íñòðóº ãå íî òîê ñè÷í³ âëàñ òè âîñò³
ëèøå çà óìî âè éîãî òåñ òó âàí íÿ â ñèñ òåì³ ìå òà áîë³÷íî¿ àê òè -
âàö³¿.  Âèñ íîâ êè. Ìå òîä ëóæ íî ãî ãåëü-åëåê òðî ôî ðå çó ³çîëü î -
âà íèõ êë³òèí (ÄÍÊ-êî ìåò) º ïðè äàò íèì äëÿ âèç íà ÷åí íÿ
ãå íî òîê ñè÷ íî ãî âïëè âó âå òå ðè íàð íèõ âàê öèí íà  òåñ òîâ³ åó -
êàð³îòí³ êë³òèíè ÑÍÎ-Ê1. Ïå ðå âà ãà ìè ïðî ïî íî âà íî ãî ìå òî äó
º éîãî åêñïðåñí³ñòü, íèç ü êà âàðò³ñòü ïðî âå äåí íÿ äîñë³äæåíü ³
âè ñî êà ïðî ãíîñ òè÷í³ñòü îò ðè ìà íèõ ðå çóëü òàò³â. Âè êî íà íèé
êîì ïëåêñ åê ñïå ðè ìåí òàëü íèõ ðîá³ò äîç âî ëÿº ðå êî ìåí äó âà òè
çà çíà ÷å íèé ìå òîä äëÿ õà ðàê òå ðèñ òè êè á³îá åç ïå êè ïðå ïà ðàò³â
âå òå ðè íàð íèõ âàê öèí.

Êëþ ÷îâ³ ñëî âà: ãå íî òîê ñè÷í³ñòü, âå òå ðè íàðí³ âàê öè íè,
êóëü òó ðè êë³òèí, ìå òîä ëóæ íî ãî ãåëü-åëåê òðî ôî ðå çó ³çîëü î -
âà íèõ êë³òèí, á³îá åç ïå êà.

Ñ. Í. Äûá êî âà, Ì. Å. Ðî ìàíü êî, Ò. Ã. Ãðó çè íà, Ë. Ñ. Ðeçíè ÷åí êî,
Ç. Ð. Óëüáåðã, Â. À. Óøêà ëîâ, À. Ì. Ãî ëîâ êî

Ïðè ìå íå íèå ìå òî äà ÄÍÊ-êî ìåò äëÿ îïðå äå ëå íèÿ 

ãå íî òîê ñè÷ íîñ òè ïðå ïà ðà òîâ âå òå ðè íàð íûõ âàê öèí

Ðå çþ ìå

Öåëü. Èçó ÷èòü âîç ìîæ íîñòü èñ ïîëü çî âà íèÿ ìå òî äà ùå ëî÷ íî -
ãî ãåëü-ýëåê òðî ôî ðå çà (ìå òî äà ÄÍÊ-êî ìåò) äëÿ îïðå äå ëå íèÿ
ãå íî òîê ñè ÷åñ êèõ ñâîéñòâ âå òå ðè íàð íûõ âàê öèí. Ìå òî äû.

Èñïîëü çî âàí ìå òîä ùå ëî÷ íî ãî ãåëü-ýëåê òðî ôî ðå çà
èçî ëè ðî âàí íûõ ýó êà ðè îò íûõ êëå òîê ñ ïî ñëå äó þ ùåé âè çó à ëè çà -
öè åé èñ ñëå äó å ìûõ ïðå ïà ðà òîâ ñ ïî ìîùüþ ôëó î ðåñ öåí òíîé
ìèê ðî- ñêî ïèè. Ðå çóëü òà òû. Òåñ òè ðî âà íè åì âå òå ðè íàð íûõ
âàê öèí ìå òî äîì ÄÍÊ-êî ìåò â ùå ëî÷ íûõ óñëî âè ÿõ âû ÿâ ëå íî,
÷òî ïðå ïà ðà òû âàê öèí ¹ 1 è ¹ 12 èç 12 èñ ñëå äî âàí íûõ îá ëà äà -
þò ãå íî òîê ñè ÷åñ êèì äå éñòâè åì íà òåñ òî âûå ýó êà ðè îò íûå
êëåò êè êóëü òóð ÑÍÎ-Ê1 è Vero, ïðè ÷åì ïðå ïà ðàò ¹ 12 äå ìî -
íñòðè ðó åò ãå íî òîê ñè ÷åñ êèå ñâî éñòâà òîëü êî ïðè òåñ òè ðî âà -
íèè â ñèñ òå ìå ìå òà áî ëè ÷åñ êîé àê òè âà öèè. Âû âî äû. Ìå òîä
ùå ëî÷ íî ãî ãåëü-ýëåê òðî ôî ðå çà èçî ëè ðî âàí íûõ ýó êà ðè îò íûõ
êëå òîê (ÄÍÊ-êî ìåò) ïðè ãî äåí äëÿ îïðå äå ëå íèÿ ãå íî òîê ñè ÷åñ -
êî ãî âëè ÿ íèÿ âå òå ðè íàð íûõ âàê öèí íà òåñ òî âûå ýó êà ðè îò íûå
êëåò êè ÑÍÎ-Ê1. Ïðå è ìó ùåñ òâà ìè ïðåä ëà ãà å ìî ãî ìå òî äà ÿâ -
ëÿ åò ñÿ åãî ýêñ ïðåñ ñíîñòü, íèç êàÿ ñòî è ìîñòü âû ïîë íå íèÿ èñ -
ñëå äî âà íèé è âû ñî êàÿ ïðî ãíîñ òè÷ íîñòü ïî ëó ÷åí íûõ
ðå çóëü òà òîâ. Âû ïîë íåí íûé êîì ïëåêñ ýêñ ïå ðè ìåí òàëü íûõ ðà -
áîò ïî çâî ëÿ åò ðå êî ìåí äî âàòü ýòîò ìå òîä äëÿ õà ðàê òå ðèñ -
òè êè áè î áå çî ïàñ íîñ òè ïðå ïà ðà òîâ âå òå ðè íàð íèõ âàê öèí.

Êëþ ÷å âûå ñëî âà: ãå íî òîê ñè÷ íîñòü, âå òå ðè íàð íûå âàê öè íû, 
êóëü òó ðà êëå òîê, ìå òîä ùå ëî÷ íî ãî ãåëü-ýëåê òðî ôî ðå çà èçî ëè -
ðî âàí íûõ êëå òîê, áè î áå çî ïàñ íîñòü.

REFERENCES

1. Ñollins A. R. The comet assay for DNA damage and repair:
principles, applications and limitations // Mol. Biotec-
hnol.–2004.–26, N 3.–Ð. 249–261.            

2. Methods in molecular biology. In situ detection of DNA da-
mage. Methods and protocols / Ed. V. V. Didenko.–Totowa:
Humana press, 2002.–Vol. 203.–279 p.

3. Henderson L., Wolfreys A., Fedyk J., Bourner C., Windebank
S. The ability of the Comet assay to discriminate between
genotoxins and cytotoxins // Mutagenesis.–1998.–13, N 1.–
Ð. 89–94. 

4. Tice R. R., Aqurell E., Anderson D. Single cell gel/comet as-
say: guadelines for in vitro and in vivo genetic toxicology
testing // Environmen. and Mol. Mutagen.–2000.–35, N 3.–
Ð. 206–221. 

5. Olive P. L. The comet assay: An overview of techniques //
Meth. Mol. Biol.–2002.–203.–P. 179–194. 

6. Application of alkaline gel electrophoresis of isolated cells to
assess the genotoxic properties of natural and synthetic
compounds: Methodical recommendations.–Moscow, 2006.– 
27 p.

7. Singh N. P., McCoy M. T., Tice R. R., Schneide E. L. A simple
technique for quantitation of low levels of DNA damage in in- 
dividual cells // Exp. Cell Res.–1988.–175, N 1.–Ð. 184–191

8. Lakin G. F. Biometrics: Appliances for biol. special. institu-
te / 4th ed.–Ìoscow: High  school, 1990.–352 p.

UDC. 577.151:579.864.1
Received 30.10.09


